The determination of ethylenediaminetetraacetic acid (EDTA) has become a task in environmental analysis, because it has low biodegradability, can form very stable complexes with heavy metals, and enables them to be re-dissolved in water from river sediments. According to Bermd, 1 in aqueous environments, most of the commonly existing EDTA species are transformed into the Fe III EDTA complex, which can be determined by HPLC. The separation methods can undoubtedly offer good analytical performance in terms of precision and accuracy, but are expensive in terms of reagent consumption and cost of instrumentation. In addition, they generate significant waste. Electrochemistry methods are relatively convenient, low cost in instrumentation, and are more adaptable for real-time analysis. To propose an electrochemistry method is very attractive for the determination of EDTA.
In previous studies, 2, 3 we and others demonstrated that chitosan is a membrane material for a modified electrode, and is an excellent natural adsorbent for a negatively charged material with much higher selectivity. In a low-pH medium, chitosan on the surface of an electrode formed a net membrane protonated because the pKa of the parent chitosan is in the range of 5.5 -6.5 depending on the degree of protonation. 4 An electrode coated with positively charged chitosan may enrich the anion, such as Fe(EDTA) -, due to an electrostatic interaction of the protonated group-NH3 + in a chitosan membrane:
If a suitable potential is applied to the electrode, Fe(EDTA) -would be reduced on the surface of the chitosan-coated electrode:
Based on the principles shown above, we report here on a second-derivative square-wave voltammetry (SDSWV) for the determination of EDTA species using a chitosan-coated glassy carbon electrode (GCE) for detecting Fe(EDTA) -.
Experimental

Reagents and apparatus
Chitosan (95% deacetylation, Katokichi Co., Kagawa, Japan) was further deacetylated by a procedure from the literature. 2 Other reagents were of analytical grade or higher quality. Redistilled water was used throughout the work.
Votammetric experiments were carried out using a CHI660A electrochemical system (CH Instruments, USA). The standard three-electrode arrangement consisted of a chitosan-coated glass carbon disk electrode (GCE, φ = 3.0 mm), a Pt counter electrode (φ = 0.8 mm) and an Ag/AgCl reference electrode (φ = 0.5 mm). A solution containing HCl of pH 2.8 and 0.05 mol/L NaCl was used as the supporting electrolyte. Highly pure nitrogen gas was passed through an electrolytic cell kept at 25 ± 0.2˚C prior to a measurement.
Preparation of the working electrode
Chitosan (3.0 mg) was dissolved in a 5.0 ml aqueous solution with 3% acetic acid, and stirred for 1 h at room temperature. An aliquot (10 µl) of chitosan solution was applied on a polished GC disk electrode and air-dried for 3 h at room temperature. The same coating procedure was repeated and airdried at room temperature overnight to give a working electrode coated with a chitosan membrane of about 1.32 µm in thickness according to the density of chitosan (1.29 g/cm 3 ).
Treatment of a practical sample
Water samples were collected from Malan River (Dalian, China), Chunliu sewage disposal plant (Dalian, China) and a wastewater pool in the Chemistry Building (Dalian University of Technology). The water was filtered through 0. -on a chitosan-coated glassy carbon electrode, a second-derivative square-wave voltammetry for the determination of the EDTA species in water samples was investigated. The measuring range of EDTA was from 6.0 × 10 -7 to 5.0 × 10 -5 mol/L with a correlation coefficient of 0.998 and a detection limit of 2.8 × 10
-7 mol/L. The relative standard deviation was less than 6.2% (n = 5) and the recovery was in the range of 98 -105% for the determination of practical samples. The result was consistent with that from the HPLC method. into a beaker and evaporated at 90˚C to dryness. Then, 10 ml of pH 2.8 HCl solutions and 2.0 ml of a 0.001 mol/L FeCl3 solution (pH 2.8) were added. The obtained solution was heated at 90˚C for 3 h. After cooling, the volume of the solution was adjusted to 20.0 ml with a NaCl solution (pH 2.8), and then applied for the determination of SDSWV.
Results and Discussion
Square-wave voltammetry (SWV) is an effective and rapid electroanalytical technique with well-established advantages, including good discrimination against a double-layer charging current and low-concentration detection limits. SDSWV can further increase the sensitivity and selectivity. Figure 1 shows a square-wave (SW) voltammogram and its second-derivative graph, which were obtained by chitosan-coated GCE in a 3.94 × 10 -6 mol/L Fe(EDTA) -solution, respectively. The square-wave voltammogram of the coated electrode showed a cathodic peak current at -0.020 V (vs. Ag/AgCl), suggesting that Fe(EDTA) -is reduced on the surface of a chitosan-coated electrode (Eq. (3)). For a comparison, the cathodic peak current of the bare GCE was not found, showing that the adsorption of Fe(EDTA) -on the chitosan-coated electrode was much stronger than that on the bare electrode. The second-derivative SW voltammetric peak observed at -0.025 V (vs. Ag/AgCl) was 40-times higher than the SW voltammetric peak, and was easier to observe and measure. Typical second-derivative square-wave voltammograms for the reduction of Fe(EDTA) -in different concentrations on the chitosan-coated electrode was shown in Fig. 2 . The secondderivative SW voltammetric peaks were detected at about -0.025 V vs. Ag/AgCl; the height of the waves increased along with an increase in the Fe(EDTA) -concentrations. The height (peak-peak) of the peak can quantify EDTA after optimizing all of the parameters that affect the performance of the electrochemical analysis.
The peak height from SDSWV was dependent on various instrumental parameters, such as the frequency, square-wave amplitude, and potential step height. Therefore, the effect of these parameters on the peak potential and peak current for the determination of Fe(EDTA) -was studied. It was found that these parameters had little effect on the peak potential, but the peak height was slightly affected. The optimizing experiments for the frequency, square-wave amplitude and potential step height showed that the largest peak height was obtained at 15 Hz, 0.025 V and 4 mV, respectively. The adsorption time of Fe(EDTA) -affected the height of the peak current. Experiments with different adsorption times from 1 to 5 min were performed. It has been shown that the largest peak height was obtained after 3 min of adsorption. As for the acidity of the electrolyte, pH 2.8 was chosen in consideration of the complex of metal ion with EDTA and the hydrolysis of Fe 3+ .
The coated electrode was regenerated after an analysis without affecting the chitosan membrane. In the regeneration procedure, the used electrode was put into a neutral aqueous solution, and a potential of -0.500 V was applied for 10 min under continuous stirring, resulting in the desorption of Fe(EDTA) 2-from the neutral chitosan membrane. According to the above procedure, after potential scanning 20 times, respectively, the peak potential of Fe(EDTA) -was not changed, the peak current of 1.98 × 10 -6 Fe(EDTA) -changed by only 3.2%, and chitosan-coated GCE presented a stable electrochemical behavior.
Under the optimizing conditions, the peak height of SDSWV was proportional to the concentration of EDTA over the range of 6.0 × 10 -7 to 5.0 × 10 -5 mol/L. The calibration curve is shown in Fig. 3 , the linear regression equation obtained from Fig. 3 is i (µA) = 2.76 + 1.09c (10 -6 mol/L) with a correlation coefficient of r = 0.998, and a detection limit of 2.8 × 10 -7 mol/L. The relative standard deviation for the determination of EDTA in Malan River was 5.8% (n = 5). If the sample was preconcentrated, the method could determine 2.0 × 10 -8 mol/L EDTA in water.
The positively charged chitosan membrane was more selective toward Fe(EDTA) -under the experimental conditions. The determination of 3.94 × 10 -6 mol/L Fe(EDTA) -was not influenced by a less than 10 3 -fold excess of the added general cations and anions, such as Cl -, H2PO4 -, SO4 2-, SCN -. However, more than 10-times VO2 + , NO3 -and 2-times MnO4 -, Cr2O7 2- affected the determination of Fe(EDTA) -, which was presumably due to the oxidation of Fe(EDTA) 2-on the electrode, leading to an increase in the peak height. Organic compounds probably existing in the water sample, such as C6H5OH (phenol) and CH3COOH, which are 100 times as large as Fe(EDTA) -, had no effect on the peak height.
Concentrations of EDTA species in practical samples were determined with satisfactory results. The relative standard deviation was less than 6.2% (n = 5) and the recovery was in the range of 98 -105%. The results and HPLC comparing measurements 5 are listed in Table 1 .
In the present work, we initiated a natural polymer, chitosan, as a membrane material for designing a functional layer on a GCE surface. Chitosan was selected because of its unusual property, which includes excellent membrane-forming ability, high permeability towards water, good adhesion and high mechanical strength. The modified procedure of GCE is simple and can easily obtain a stable chitosan membrane. By way of the determination of Fe(EDTA) -, which was adsorbed on the chitosan membrane, a very low amount of EDTA in water could be conveniently determinated by SDSWV, and provide a monitor technology for real-time analysis. 
